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Abstract:
In nature, organisms exist in less than ideal conditions making stress a constant
factor throughout their life. These stressful environments may disturb developmental
processes, causing long-term, detrimental changes to an organism expressed as bilateral
variation in morphology or fluctuating asymmetry (FA). Fluctuating asymmetry has been
shown to be associated with accidents during morphogenesis due to environmental
factors and hence is considered a measure of developmental instability.
One environmental stressor that may affect aquatic organisms is stream habitat
fragmentation. Stream habitat fragmentation is the lack of connectivity between
upstream and downstream populations or sites. Stream fragmentation can create distinct
patches of varying habitat quality within a stream. The deterioration of habitat quality
associated with increased levels of habitat fragmentation may bring about abiotic changes
that act as stressors, which can cause a disruption in an organism's developmental
processes leading to fluctuating asymmetry. Therefore, fluctuating asymmetry was
examined in respect to habitat fragmentation to determine if: 1) abiotic factors differ
between sites with differing habitat quality, 2) fluctuating asymmetry values of fish
differed between sites of varying habitat quality and 3) fluctuating asymmetry values
could be used as an indicator of stream integrity.
To examine the effects of habitat fragmentation on fluctuating asymmetry eight
sites were chosen along Polecat Creek, a fourth order tributary associated with the
Embarras River near Charleston, Illinois. Sites were classified by habitat quality using
the Stream Habitat Assessment Procedure (SHAP) developed by the Illinois
Environmental Protection Agency (IEP A, 1994). Average SHAP scores ranged from a
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low of 57 to a high of 14 7 for the eight sites sampled. An analysis of variance revealed a
significant difference in mean SHAP scores among the eight sites sampled (P < 0.0 l ). A
Tukey's test (mean comparison test) was then performed to determine where the
differences were among the eight sites. The outcome of the Tukey's test was that the
eight sites were grouped into two habitat quality categories, good or poor. Poor
categories are usually associated with abiotic factors such as increased siltation, highly
variable water temperatures, decreased dissolved oxygen levels, increased pollutants and
stream desiccation. While the good category has less variable water temperatures, higher
dissolved oxygen levels, and minimal to no siltation.
To ascertain whether fluctuating asymmetry values increase with the amount of
habitat fragmentation or change in habitat quality, two abundant Illinois fish, the common
stoneroller (Campostoma anomalum) and the striped shiner (Notropis chrysocephalus)
were collected from the eight sites along Polecat Creek. The 217 common stonerollers
and 136 striped shiners collected form Polecat Creek each were landmarked for 11 and 13
points, respectively, and analyzed using the procrustes method of shape analysis. Shape
analysis revealed that fluctuating asymmetry (FA) values observed for both species were
not significantly different (P > 0.1) between habitat quality categories.

To expand the

analysis and correct for individual measurement error and to allow for comparisons
among sites, we employed the use of a best linear unbiased predictor (BLUP). When
accompanied by a BLUP analysis, the fluctuating asymmetry values for both species
were significant (P< 0.0001) among all eight sites. A Bonferroni test indicated that sites
2 and 7 (both good sites) had significantly lower BLUP FA values than the other six sites
for the common stoneroller. While a regression analysis revealed no significant relations
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between mean SHAP score and BLUP FA value (df= 6, F = 0.04, P < 0.85). Whereas
the stripe shiner's Bonferrini test illustrated that site 1 (good site) and 5 (poor site) had
significantly higher FA values (P < 0.05) as compared to the other sites. Similarly, a
regression analysis for the stripe shiners indicated no significant relationship between
mean SHAP score and BLUP FA value (df= 4, F = l.72, P < 0.29). This study does not
show that fluctuating asymmetry is associated with habitat fragmentation and there is still
some controversy over the use of fluctuating asymmetry. Thus, abiotic factors, such as
dissolved oxygen, water temperature, and sedimentation, associated with habitat
fragmentation may not be major stressors that cause a disruption in growth and
morphology of an organism. Therefore, fish species may view their habitat in a different
manner than we would be lead to believe and that perhaps other abiotic factors of the
stream may have a more adverse affect upon the organism.
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Introduction:
In natural populations, organisms exist in less than ideal conditions making stress
a constant factor in an organism's life history. These suboptimal, stressful environmental
conditions can cause a decrease in the amount of energy available to the organism for
allocation to development, growth, maintenance, and reproduction (Moller and Swaddle,
1997). With energy and other resources limited in most environments, changes in
environmental conditions under which an organism lives will generally result in
developmental stress, which can lead to disruptions in developmental processes (Moller
and Swaddle, 1997). Thus, stressful environments may increase the "noise" or
disturbance associated with the developmental processes and may cause long-term,
detrimental change to an organism expressed as bilateral variation in morphology (Moller
and Swaddle, 1997).
Bilateral variation can result in three different types of asymmetry: directional
asymmetry, antisymmetry, and fluctuating asymmetry. Directional asymmetry occurs
when there is a predictable propensity for one side of a trait or character to be larger than
the other (Van Valen, 1962). Directional asymmetry is best viewed in the coiling of
snails shells, where there is a propensity for the shells to coil to the same side (Moller and
Swaddle, 1997). Antisymmetry occurs when one side of a character is larger than the
other, but there is no bias or predictable pattern to which side of the character will be
larger (Moller and Swaddle, 1997). Antisymmetry has been seen in fiddler crab signaling
claw, where the larger claw will be on the side of whichever claw falls off first (Moller
and Swaddle, 1997).

The use of either directional asymmetry or antisymmetry as

indicators of developmental stability has been refuted because both contain a significant
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but unknown genetic component (Palmer and Strobeck, 1992 ). Because of the unknown
genetic component these asymmetries may not result solely from "developmental noise"
or random accidents during morphogenesis, diminishing their usefulness as good
indicators of developmental stability (Moller and Swaddle, 1997).
The third type of bilateral variation observed in individual organisms is
fluctuating asymmetry (Leung and Forbes, 1997). Fluctuating asymmetry is defined as a
pattern of bilateral variation in a sample of individuals where the asymmetry values are
distributed about a mean (Leung and Forbes, 1997). A mean of zero implies no
asymmetry and the further the value is from zero the more fluctuating asymmetry there is
in an individual organism. Fluctuating asymmetry is the most commonly used index of
developmental stability (Moller and Swaddle, 1997), because it has been shown to be
associated with accidents during morphogenesis due to environmental factors.
Since fluctuating asymmetry is sensitive to environmental factors, differences
observed between populations of genetically similar species should be mainly due to the
environmental conditions of the habitat in which the organism resides (Moller and
Swaddle, 1997). Organisms found in the most severe habitats likely would exhibit a
significantly higher fluctuating asymmetry than those from more optimal habitats.
Therefore, researchers argue that highly stressed individuals should have higher
fluctuating asymmetry on average than organisms in low to no stress environments
(Leung and Forbes, 1997).
Developmental stress can be increased by a number of factors that can come from
the abiotic environment of an area. Previous studies have shown that stressors such as
pollution, temperature, pH and dissolved oxygen can affect fluctuating asymmetry values
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obtained for various organisms (Ames et. al, 1979, Leung and Forbes, 1997, Ostbye et.
al, 1997, Sheridan and Pomiankowski, 1997). A study looking at the relationship of pH
levels and its affect on the developmental stability of perch concluded that decreased pH
can increase fluctuating asymmetry (Ostbye et. al 1997). The increase in fluctuating
asymmetry was observed in the mandibular pores and an index summarizing three
meristic characters (pectoral fin rays, lower gill rakers, and mandibular pores). In an
asymmetry study using redbreast sunfish and largemouth bass, both fish showed a
significant difference in two meristic characteristics (Ames et. al 1979). Meristic changes
observed in these fish in response to differences in temperature regime of reservoirs were
decreased number of lateral line scales and an increase in number of pectoral fin rays.
Thus, the relationship observed in recent studies between fluctuating asymmetry and
environmental stress indicates that fluctuating asymmetry maybe used as a gauge of
developmental stability or individual fitness. However, investigations of the effects of
environmental stress on fluctuating asymmetry have been conducted in the laboratory
leaving it largely unknown the manner in which environmental stressors affect
asymmetry levels in natural populations of vertebrates (Ames et. al, 1979). One such
environmental stressor that may affect aquatic organisms in the wild is stream habitat
fragmentation.
Stream habitat fragmentation can be defined as the lack of connectivity between
upstream and downstream populations or sites and occurs when the longitudinal
continuum is disrupted and/or the lateral connection is severed between the stream
channel and adjacent wetlands or riparian zones (Meffe and Carroll, 1997). Disruption of
a stream along both the lateral and longitudinal continuum can create distinct areas of
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varying habitat quality within a stream, which provides the biotic community with
habitats in varying degrees of environmental quality dependent on the degree of aquatic
fragmentation.
With presence of both good and poor habitats within a stream, varying levels of
environmental stress may be placed upon an organism depending on the habitat quality
and the abiotic factors found within an area. Within poor habitats, increased stress levels
on an organism may be produced by abiotic changes in the stream such as increased
siltation, water temperature, decreased dissolved oxygen levels, increased pollutants and
stream desiccation (Page et. al, 1997). Increased water temperature, which can result
from loss of riparian zone and reduced water flow during warm seasons, may be stressful
to all Midwest fish species (Page et al, 1997). However, one of the most damaging
abiotic changes is the siltation associated with the removal of riparian zone. Siltation can
cover substrate used for breeding or refugia by many aquatic organisms and ultimately
may lead to overall loss of habitat variability (Page et al, 1997). In addition, covering the
substrate reduces streambed permeability, which directly affects delivery and removal of
gases and nutrients (Beschta, 1978). Thus, formation of poor stream habitat patches may
create a stressful environment, which may disrupt the developmental processes leading to
bilateral variation or increased fluctuating asymmetry.
Two abundant fish found throughout fragmented Illinois stream systems, are the
common stoneroller (Compostoma annolum) and the striped shiner (Luxilus

chrysocephalus). The common stoneroller and striped shiner are tolerant fish found in
small streams throughout the Midwest region with their preferred habitat being small,
generally clear streams with gravel or exposed bedrock substrates, where they are often
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the most abundant species. Since both fish inhabit streams of varying quality, fish
associated with poor habitats with sub-optimal conditions such as increased turbidity and
siltation (Robison and Buchanan, 1992) may be susceptible to changes in developmental
processes. Thus, because habitat fragmentation can create distinct good and poor habitats
for fish species, I investigated more closely the phenomenon.of fluctuating asymmetry in
respect to habitat fragmentation within an Illinois stream system. The specific questions
to be answered by the research are to determine if 1) abiotic factors differ between sites
with differing habitat quality, 2) fluctuating asymmetry values of tolerant fish differ
between good and poor sites within a stream and 3) fluctuating asymmetry values can
be used as an indicator of stream quality.

Methods:
Study Sites:
Eight sites were chosen along Polecat Creek, a fourth order tributary associated
with the Embarras River near Charleston, Illinois (Fig. 1). Sites were classified by
habitat quality using the Stream Habitat Assessment Procedure (SHAP) developed by the
Illinois Environmental Protection Agency (IEPA). Fifteen metrics are associated with
SHAP assessment of stream quality. Those metrics are based on substrate type, channel
morphology and hydrology, instream habitat, and riparian and bank use (Table 1). Each
site was assigned a numeric value for each metric, the numeric score for the fifteen
metrics were totaled to produce an overall SHAP score. The overall SHAP was then used
to assign the stream to one of four habitat quality categories, using guidelines established
by the IEPA (1994). With each site categorized, an analysis of variance was performed
to analyze the means of each categorized site. A Tukey's test (mean comparison test)
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was utilized to identify if there were differences of the means among sites and where the
differences were.
Determination of Abiotic Factors:

An abiotic analysis was conducted on each of the eight sites previously classified
as good or poor habitat. Dissolved oxygen, temperature, and.substrate composition were
analyzed to characterize the abiotic environment of the habitat categories. Dissolved
oxygen (mgL- 1) was measured on a weekly basis from raceways associated with each of
the eight sites using a YSI probe (YSI Inc.) and monthly averages determined for oxygen
levels from both stream habitat categories. Water temperature (°C) was measured hourly
over a four month period using Hobo Logger (Onset Computer Corp.) temperature probes
and mean temperature and range was determined for each of the eight sites. Substrate
composition was determined for each site by first collecting a bottom sample using an
Eckman dredge (two samples per site). Substrate samples were dried to constant weight
and sieved to specific substrate classifications as described by the IEP A ( 1994). Bottom
substrates for each site were classified into the following size groups using a USGS sieve:
silt-mud(< .063 mm), sand (.063-2mm), fine gravel (2-8mm), medium gravel (8-16mm),
coarse gravel (16-64mm), and small cobble (64-128mm). Proportions of these size
groups in each habitat category were analyzed for significant differences utilizing t-test
with significance at the 0.05 level.
Fish Sampling Procedure:

Fish were collected during the spring and summer of 2000 from the eight sites
along Polecat Creek. Sample reaches at each site ranged from 300-500 ft and were
selected to incorporate at least one riffle/pool sequence when available. To begin the fish
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sampling procedure, both ends of the sampling reach were blocked with seines to prevent
fish from entering or exiting the sampling area. Fish were sampled using a 30 ft. electric
seine powered by a single phase, 110 V A.C., 3000 W generator for a minimum of 30
minutes. Fish were collected with dip nets and placed in buckets. At the end of the run,
fish to be used for determination of fluctuating asymmetry (striped shiner and common
stoneroller) were fixed in l 0% formalin and returned to the lab for later morphometric
analysis and the remaining fish subsequently were returned to the sample reach. These
fish species, the common stoneroller and the striped shiner, make good specimens for use
in this asymmetry study because they have been identified as tolerant stream dwelling
minnows that are abundant in a large range of habitat qualities throughout Illinois.
Morphometric Analysis:
A MorphoSys video imaging system was used to capture both a right and left side
image of each collected fish. Predetermined loci (landmarks) were marked and
referenced as an x/y coordinate using tpsRelw software (Rohlf, 2001). Eleven landmarks
were used for both the common stonerollers and striped shiner: the dorsal insertion of
pectoral fin, ventral insertion of pectoral fin, ventral posterior tip of operculum, dorsal
posterior tip of operculum, anterior insertion of the pelvic fin, posterior insertion of the
pelvic fin, tip of dorsal fin ray three, tip of caudal fin ray nine, tip of anal fin ray four,
anterior most part of eye, posterior most part of eye. Two additional landmarks
referenced on the striped shiner were the posterior and anterior insertion points of the
lateral line.
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Asymmetry Analysis:

Landmarks from both the right and left side of each fish were compared and
analyzed using the procrustes method of shape analysis for determining fluctuating
asymmetry (Klingenberg and Mcintyre, 1998). The x/y coordinate, data were arranged in
a single matrix and a two-factor ANOV A (SAS, 1985) was performed as per Palmer and
Strobeck ( 1986) to compute the procrustes sum of squares which is divided by the
degrees of freedom and used for parametric testing of centroid size and shape using F
ratios (Klingenberg and Mcintyre, 1998). A Levens test (SAS, 1985) then was used to
compare body shape of both the common stonerollers and striped shiner from different
habitat categories to determine if there is increased fluctuating asymmetry in poor habitat
quality sites.
To correct for individual measurement error and to allow comparisons among
sites, we employed the use of a best linear unbiased predictor (BLUP). A BLUP is a
shrinkage estimator where each individual value is regressed to the group mean as a
function of the distance from the group mean and the variance components of the mixed
model effects (SAS, 1985). Since both fluctuating asymmetry and measurement error
appear as random, normal variation, by using BLUP's I effectively removed the estimate
of measurement error from each individual right-left side difference. The BLUP's FA
values were determined through regressing individual FA values against that of the
population mean of the habitat patch, providing a new FA value without the observer
error. Thus the BLUPs procedure provides an efficient estimator of individual fluctuating
asymmetry values corrected for error. With values corrected for error, an F-max test and
a Bonferroni test (SAS, 1985) were used to determine if differences existed in fluctuating
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asymmetry among sites. Regression analysis was then used to ascertain if fluctuating
asymmetry could be used as a predictor of habitat quality.

Results:
Study Sites:
Habitat quality was evaluated for eight sites along Polecat Creek and determined
by mean SHAP scores based on instream and riparian zone features (Table 1). The
average SHAP scores ranged from 57 to 14 7 for all eight sites sampled (Fig. 2). An
analysis of variance was performed and revealed a significant difference in mean SHAP
scores among the eight sites sampled (F = 21.60, P < 0.01). Then a Tukey's test (mean
comparison test) was performed to determine where the differences were among the
SHAP scores for the eight sites. The Tukey's test grouped the SHAP scores of the eight
sites into two habitat quality categories, good or poor. The habitat grouping based on
habitat quality produced four good (sites 1, 2, 6, and 7) and four bad (sites 3, 4, 5, and 8)
sites along Polecat Creek (Fig. 2). Between good and poor habitats, the variables that
visually showed the largest difference were bottom substrate, deposition, substrate
stability, pool quality, pool variability, canopy cover, and bank vegetation (Table 3).

Determination ofAbiotic Factors:
An abiotic analysis was conducted on the two habitat quality classes (good/ poor).
All sites were sampled and a mean determined for habitat categories for three specific
abiotic factors; dissolved oxygen (mg/L), temperature (°C), and substrate composition.
No significant difference was observed between good and bad habitat classes for mean
monthly dissolved oxygen (t = 1.00, P > 0.3230) over the four-month sample period
(May through August). However, at-test indicated that the mean monthly temperatures

9

over the same four-month period were significantly different (t = 5.52, df = 582.5, P<
0.0001) between the two habitat classes with the difference observed for mean monthly
temperatures being only 0.6 °C. In addition, the range in temperatures observed for poor
sites during the same sample period was almost twice that found for good sites. The
good habitat category ranged in temperature from a low of 20.5 °C to a high of only 27
°C, while the poor habitat category ranged from a low of 19 °C to a high of 32 °C over a
four-month period (Fig. 3). When substrate composition was compared between good
and poor habitat categories using at-test, the tests revealed a higher percentage of fine
gravel (t = -3.01, df= 5, P < 0.05) and sand (t = -9.31, df= 5, P < 0.001) substrate in poor
sites, while the sites classified as good habitat had a higher percentage of small cobble (t
= 3.43, df = 4.9, P < 0.05) and coarse gravel (t = 5.53, df = 2.3, P < 0.05) substrate (Fig.
4).

Asymmetry Analysis:
Once the distinction of habitat types and stressors within those habitats were
determined, fish were collected for analysis of fluctuating asymmetry to ascertain if
differences in fluctuating asymmetry (FA) existed between habitat quality categories.
During the summer sampling period of 2000 a total of 353 tolerant minnows, 217
stonerollers (52mm-128mm) and 136 stripe shiners (49mm-182mm) were collected from
the eight sites along Polecat Creek in varying degree's of habitat categories (Table 2).
Centroid size, the square root of the summed squared distance of all landmarks
about their center (Douglas et al, 2001), was analyzed using an F-max test. The F-max
test concluded that there was no significant difference in centroid size (c.s.) between
good or poor habitat categories for either the common stoneroller (c.s. good sites =
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2.6817, c.s. poor sites = 3.2812, F = 1.223 5, P > 0.1) or the striped shiner (c.s. good sites
= 3.3921, c.s. poor sites= 3.8507, F = 1.135 l, P > 0.3). When overall shape of the
landmarked fish were evaluated (Fig. 5), a Leven's test indicated that there was no
significant difference in fish shape between the habitat categories for either the common
stoneroller (F = 1.32, df = 1,209, P > 0.15) or the striped shiners (F = 0.51, df = 1,129, P
> 0. 7). Finding no significant differences in centroid size or shape between generalized

categories of good and poor habitat quality, sites were analyzed individually for shape
differences to discover if there was any difference in fluctuating asymmetry between sites
that might have been overlooked by the broad habitat grouping.
To analyze for shape differences among the eight sites, Best Linear Unbiased
Predictors (BLUPs) were utilized. The BLUP analysis, a shrinkage estimator for an
individual, is based upon the difference between measurements relative to the overall
mean, the variance within individuals, and the variance between individuals and the
sample size. Once the BLUP's FA values were obtained for all fish, an F max-test was
used to look for differences between shapes for both species among sites. The F max-test
indicated that there is a significant difference in shape for both the stoneroller (F =2.8199,
df = 3438, P< 0.0001) and stripe shiner (F = 10.7355, df= 1804, P < 0.0001) among the
sites. The Bonferrini test (mean comparison test), for common stoneroller illustrated that
site 7 and 2, both good sites, had significantly lower FA values (P < 0.05) as compared to
the other sites. With site 3 being omitted in the Bonferrini analysis due to a large amount
of error that exceeded the FA value. However, a regression analysis revealed no
significant relations between mean SHAP score and BLUP FA value (df= 6, F = 0.04, P
< 0.85). Whereas the striped shiner's Bonferrini test illustrated that site 1 (good site) and
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5 (poor site) had significantly higher FA values (P < 0.05) as compared to the other sites
(Table 4). However, within the Bonferroni analysis for striped shiners, sites 3 and 4 were
omitted because the amount of error was greater than the FA value while site 8 was not
used due to lack of organisms. The striped shiner regression analysis, similar to the
common stoneroller' s, indicated no significant relationship between mean SHAP score
and BLUP FA value (df= 4, F = 1.72, P < 0.29).

Discussion:
Fluctuating asymmetry is the result of the interaction of developmental stability;
capacity of developmental pathways to resist accidents and/or perturbations during
growth (Moller and Swaddle, 1997), and developmental noise, accidents and/or
perturbations occurring during development. Each individual organism has the
propensity to buffer many, if not all, of the developmental accidents associated with
living in an unstable or stressful environment. One such environmental stressor that may
lead to developmental accidents is habitat fragmentation, which creates distinct habitat
patches of varying quality along a continuum. Habitat fragmentation has become
widespread throughout the world and may produce stressful environments for individuals
residing in poor habitats. Therefore, the goal of this study was to determine if fluctuating
asymmetry values 1) differ between sites of varying habitat quality and 2) can be used as
an indicator of fish habitat quality.
Study Sites:
Throughout Polecat Creek, a 17.8 mile long fourth order stream, habitat
fragmentation has created a range of distinct patches. These patches (good/poor) have
created a diverse range of habitat quality within and throughout the stream, which was
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reflected in SHAP scores determined for the eight study sites. SHAP scores ranged from
57-151, with sites 1, 2, 3, and 8 all receiving high SHAP scores (151, 137, 126, and 129
respectively), which would indicate good stream habitat quality. Whereas, sites 4, 5, 6,
and 7 all received low SHAP scores (75, 88, 93, and 57, respectively) and were
categorized as poor stream habitat sites. Geographically, we see that four out of five of
the stream habitats located in the upper most section of the stream are poor sites. In
contrast, good sites dominated the lower end of the stream and were surrounded by large
riparian areas (Fig. 1). The major reason for the location of good or poor sites within the
stream is due to habitat fragmentation as a result of agricultural activities. The upper
section of the stream is located mainly in rural cropland where most of the riparian zone
has been cleared for agricultural use. The lower section of Polecat Creek, located at the
edge of the glacial moraine, runs through an area of land with a large riparian area and
rock outcroppings.
The key SHAP variables used in making the distinction between good/poor
habitat classes were associated with riparian land use along the stream. The variables
related with riparian land use, that differed between good/poor habitat classes were
bottom substrate, deposition, substrate stability, pool quality, pool variability, canopy
cover, and bank vegetation (Table 3). The good habitats outscored that of the poor
habitats by 37 points in these categories alone, which are associated with a continuous
riparian zone. The outcome of maintaining continuous riparian zone vegetation is the
creation of good habitat patches with both bank and canopy cover, and in-stream habitats
with diverse pool habitats and overall stream stability. These findings are

~imilar to

a

study, which evaluated riparian zone buffer strips required to maintain trout habitat. In
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the study they concluded that in areas with buffer strips; control of temperature, and to a
lesser extent turbidity and stability of discharge, could be achieved through establishment
or maintenance of riparian buffer strips (Barton et al, 1985). In addition, Barton et al
(1985) also saw that the riparian vegetation influences substrate and temperature, finding
that fifty-six percent of the observed variation in weekly maximum water temperature
could be explained by the fraction of bank forested within 2.5 km upstream of a site. As
a result, streams without a riparian area to give shade or control runoff will experience a
large amount of variation among abiotic factors from patch to patch. Yet, each patch in
this study, however unique, could be grouped into either good or poor categories. This
grouping allowed for an analysis between habitat types based on several basic
characteristics. Good sites contained a large percent of canopy cover, an average 2-3
riffle/pool/run sequences with gravel cobble bottoms. In contrast, the bad sites had
minimal to no canopy cover, no riffle/pool/run sequences, and sand/silt bottoms.
Therefore possible differences in habitat quality observed between habitat categories may
create a stressful situation for fish species within the poor habitat patches.

Determination of Abiotic Factors:
Within each distinct patch, the abiotic factors (02, temperature, and substrate)
associated with habitat fragmentation varied among sites of differing habitat quality.
However, dissolved oxygen was the only abiotic factor that was not significantly
different from between habitat categories. One possible reason for the lack of differences
in oxygen between classes may be due to the continuous flow present in Polecat Creek
throughout the year. The constant oxygen level observed throughout the two habitat
categories (eight sites) located in Polecat Creek are similar to that observed by Kaenel et
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al (2000) in streams located on the Swiss Plateau. This study indicated that oxygen
concentration only increased marginally by 1 mg/L within a stream and the two streams
studied only ranged from 8-15 mg/L daily over a month period. Therefore, the fact that
our stream habitat categories did not differ significantly in respect to dissolve oxygen was
not unexpected due to the continuous flow and temporal stable nature of oxygen within a
stream.
Temperature has been widely studied in relation to aquatic organisms, and has
been determined to be a significant water quality factor that may influence levels of
oxygen in the stream and can affect the growth of many fish (Brown and Krygier, 1970,
Eaton et al, 1995, and Elliott and Elliott, 1995). Temperatures in Polecat Creek were
found to be significantly different among good and poor site categories. However, the
difference observed was only 0.6 °C, which could be an artifact of the large sample size
and would seem to be of little ecological consequence to the organisms inhabiting the
stream. However, the temperature data did show an interesting fluctuation pattern for
mean temperature over the four-month period in the two site categories. The poor sites
had a three times larger temperature range than the good sites and at certain parts of the
summer reached mean temperatures of 32 °C. High temperatures, as seen in poor sites of
Polecat Creek, may be detrimental to an organism's development, growth, and survival
due to the increase in energy expenditure associated with high temperatures.
Thermal requirements have been shown to be an important component of the
niche of a fish species effecting both development and habitat use. Various studies have
investigated the idea of thermal limits and its effect on growth, development and
reproduction. Eaton et al (1995) estimated both cool and warm water fish temperature
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tolerances. Their study determined the upper temperature limits for thirty fish species
including channel catfish (lctalurus punctatus), freshwater drum (Aplodinotus

grunniens), and the golden shiner (Notemigonus crysoleucas) all which illustrated max
growth temperature of 30°C, 3 l.3°C, and 23.8°C while the upper lethal temperatures of
3 l .6°C, 32.4°C, and 30.8°C respectively (Eaton et al, 1995). In bullhead, Cottus gobio,
temperatures of 28°C and 27°C were associated with the upper feeding temperatures for
adult and juvenile bullheads, respectively (Elliott and Elliott, 1995). Also, in a study
conducted on Eastern Mosquitiofish (Gambusia holbrooki), it was found that population
raised in 25 °C grew faster and to larger size than those reared in a higher more stressful
temperature of 32 °C (Meffe, 1992). In addition, Nathanailides (1996) studied metabolic
specialization of muscle process exposed to different thermal conditions. The study
identified that increased temperatures (11°C) reduced the larval muscle fibre hyperplasia
of Atlantic salmon as compared to ambient temperatures. Indicating that in early life
stages, temperature can affect the rate of development (Nathanailides, 1996). Such
studies have shown that each species has a specific thermal upper and lower critical limit.
These studies seem to indicate that temperatures between 30-32°C, the mean temperature
observed within the poor habitat, can be detrimental to the fish species inhabiting the
poor sites by causing reduced growth and feeding rates, and may lead to developmental
n01se.
Besides temperature being detrimental to survival and reproduction of fish
species, substrate has also been linked to fish survival, habitat use, and overall health of a
stream. Substrates can be classified as stable or unstable. Stable substrates have the
ability to create an environment with suitable spawning areas where the habitat rarely
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changes in dissolved oxygen content or temperature and usually harbors a diverse fauna
(Alan, 1995). However, unstable substrates are found in environments that have reduced
availability in dissolved oxygen, due to the tight packing of the associated substrates
(Alan, 1995). Substrate composition of Polecat Creek was found to vary between good
and poor habitat classes, with poor habitats having a reduction in stable substrates
components of small cobble (4%) and coarse gravel (7% ), while having large portions of
the unstable substrates components of fine gravel (21 %) and sand (54%). Where the
substrate in the good habitat class consisted mainly of stable substrates (small cobble;
20%, coarse gravel; 60%) with only a small amount of fine gravel (8%) and sand (6%)
present.
In stable substrates Crisp ( 1990) has shown that when probes were covered by
gravel (not sand), temperature readings were higher in winter and lower in summer with
the size of the daily fluctuations reduced and the time of occurrence for a temperature
change was delayed. Thus, stable substrates can result in a more thermally stable
environment and an increase in egg development for those species of fish (i.e. salmonid)
that lay/bury eggs within the substrate.
In addition sedimentation has been shown to be on of the most damaging forms of
stream pollution in the Midwest (Page et al, 1997) and results mainly from agricultural
practices. Sedimentation due to agricultural practices has caused the extinction or a
decline of many aquatic organisms due to loose of habitat. One such case is the
disappearance of the bigeye chub (Hybopsis amblops) from Illinois due to the deposits of
silt over substrates that were once gravel, resulting in the elimination of the species
habitat (Page et al, 1997). In addition to the extinction of a species, the bigeye shiner
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(Notropis hoops) persists only in isolated populations due to siltation eliminating most if

not all of their breeding areas (Page et al, 1997).
Unstable substrates usually are found in association with poor habitat and may
cause problems for many of the aquatic organism living within the stream reach.
Problems caused by unstable substrates ranges from loss of permeability to
sedimentation. Deposition of unstable substrates in areas of rock and gravel can cover
and fill in spaces among the rocks, leaving no place for small organisms to hide or lay
eggs as well as have an effect on the delivery and removal of gases within a stream (Page
et al, 1997, Beschta, 1978). Sedimentation also can impact streams by clogging gravels
and reducing survival rates of larvae following spawning (Beschta, 1978). In a study
conducted by Beschta ( 1978) he found significant increase in annual sediment yield after
an 82% clear-cut on the Needle Branch watershed (Beschta, 1978) which lead to
sediment coverage of gravel, used for spawning which ultimately lead to a loss in
survival rate and species diversity.
Substrate also influences other aspects of a stream habitat including productivity,
nutrient cycling, and species composition. In streams and rivers with unstable substrates
reaches of low species diversity dominate the habitat (Cobb et al, 1992). Cobb et al
(1992) studied the effects of discharge and substrate stability on stream insects and found
that the variability in effects of discharges on stream insects depends upon the stability of
substrates present in the streams. Even though sedimentation does not directly affect the
fish growth; it does prove to be a stressor on the species by effecting the surrounding
environment and may ultimately effect its development, reproduction and survival. Thus,
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in poor quality habitats, all stressors associated with riparian zone changes may cause
some type of detrimental effect on the organism due to increased energy demands.
Asymmetry Analysis:
Since stressors from the environment can cause a disruption in development and
fluctuating asymmetry is believed to be sensitive to environmental factors, fluctuating
asymmetry should be able to be used to analyze the effects stressors have on an
individual/population (Moller and Swaddle, 1997). To investigate fluctuating asymmetry
in fish specimens, measurements used in the analysis include centroid size and body
shape. These measurements were done by digitizing landmarks upon identified digital
images of each specimen while acknowledging species, site, and habitat type. Because
we were able to distinguish between good and poor habitats, the categorized habitat types
could be evaluated on whether it had an affect upon the developmental stability of the
fish species.
Centroid size is defined as the square root of the summed squared distances of a
set of points (e.g. landmarks) and is used as a measure of overall body size while body
shape is quantified using shape coordinates (Douglas et al. 2001). Centroid size also
exhibits desirable properties of a size variable, being uncorrelated with shape under a null
hypothesis of no allometry (Douglas et al. 2001). In this study, there was no significant
difference in centroid size between good and poor habitat categories for either the
common stoneroller or striped shiners. Thus, neither species showed any adverse affects
due to abiotic stressors nor overall body size of each individual was not affected by
habitat quality. In contrast, Douglas et al (2000) found that centroid size was
significantly correlated with nuchal hump and that centroid size varied significantly
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among populations of a cyprinidae and could be used to differentiate between species ..
However since the study dealt with discrimination between species rather than effects of
stressors on an individual species, there should be a higher tendency for a difference to be
found in centroid size due to observed shape difference.
Body shape is quantified by using shape coordinates or by studying the shape
variation of the landmarks (Douglas et al. 2000). Shape analysis using coordinates was
used to determine the overall body shape of individual fish in this study. When overall
body shape (FA) was compared using a Leven's test, the test indicated that there was no
significant shape difference for either the common stoneroller or striped shiner with
respect to habitat quality catagories. Illustrating that overall body shape of the fish does
not seem to be effected by the varying quality of habitats found in Polecat Creek. This
indicates that habitat fragmentation and its associated abiotic changes illustrate no
adverse effects upon the fish developmental process.
The results for body shape from this study were different from the finding seen in
past studies utilizing centrarchid fish and Eurasian Perch (Percajluviatilis)(Ames et al,
1979, and Oxnevad et al, 2001 ).

In centrarchid fish from heated and nonheated

reservoirs, temperature effects seem to be manifested in an increase in both anal and
dorsal fin ray number of redbreasted sunfish from the heated site, indicating that
fluctuating asymmetry might be used as a measure of environmental stress (Ames et al,
1979). Likewise, a study by Oxnevad et al (2001 ), on perch from five lakes from
southeastern Norway, found a significant fluctuating asymmetry for pectoral fin rays,
upper gill rakers and the fluctuating asymmetry index in relationship to heated lakes.
These studies illustrate that an increase in thermal temperature can cause significant
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fluctuating asymmetry among fish populations, which may relate to the thermal stress
found within a poor habitat. However Oxnevad et al (2001) found no correlation
'
between fluctuating asymmetry and fitness after performing 80 individual multiple
regressions using fitness trait as dependent variable and FA-estimate and length as
independent variables.
One reason why overall shape does not seem to be affected by habitat quality
classes could be due to the general broad categories utilized to group habitats (either good
or poor). Overall habitat scores were not as abrupt as the categories would indicate.
Some site scores did come close to the cut off mark (SHAP= 105) for being considered
either a good or poor quality habitat. Sites 5 and 6 are two sites that are examples of
scores close to that separation point (Fig. 2) and seem to be two sites that maybe
considered intermediate between good and poor habitats. With grouping of streams into
only two broad categories, shape analysis might be misrepresentative of the magnitude of
stressors found in the individual habitats. Another reason for the inability to find
differences in fluctuating asymmetry may be measurement error. Measurement error was
accounted for by doing replicates; however, use of BLUPs with replication may be a
more efficient way of removing measurement error from each individual rather than
relying on replication alone. Since the results have indicated that in relation to habitat
categories (good/poor) there seems to be no adverse affects upon an individual's
development and/or growth, a closer analysis using individual sites and BLUP's is
needed.
By looking at the individual sites, we can give each site a shape fluctuating
asymmetry value to compare among all sites while also determining if the organisms'
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development is affected within sites. Thus, to assume that the shape fluctuating
asymmetry values for each site are accurate we also have to eliminate measurement error
using BLUPs. Since fluctuating asymmetry and measurement error appear as normal
random variation, BLUPs reduce the variance in the data set by being a shrinkage
estimator. With the measurement error reduced we then can identify any significant
differences in fluctuating asymmetry values among individual sites in adjusted values.
Once the fluctuating asymmetry values using BLUPs were determined for each
site, an F-test determining shape difference indicated that there was a significant
difference in shape for both the common stoneroller and stripe shiner among all
individual sites. A Bonferoni analysis revealed that sites 7 and 2, both good sites
(determined by SHAP), had significantly lower BLUP FA values as compared to the
other sites for common stonerollers (Table 4). As indicated in Table 4, these results
indicate that the shape differences do exist between species in the various sites, and that
for the common stoneroller the lowest BLUP fluctuating asymmetry values were
observed within good sites. However, a regression analysis indicated no significance
between BLUP FA values and habitat categories. In contrast to this study, past studies
utilizing regression analyses have indicated that lower fluctuating asymmetry has been
found in more stable environments. An example of increased fluctuating asymmetry with
decreased environmental stability can be seen in Drosophila melanogaster which had
increased sternopleural chaeta number when grown at 30°C rather than at 25 °C and in
fish, by an increased pectoral ray FA in grunion fry when exposed to increased levels of
DDT (Parsons, 1990). In addition, fish from a pond heavily contaminated with mercury,
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illustrate higher fluctuating asymmetry levels when compared to other sample
populations from normal sites (Ames et al, l 997).
The Bonferroni test for striped shiners illustrated that sites 1 (good site) and 5
(bad site) had significantly higher BLUP FA values as compared to the other sites (Table
4 ). Thus, the striped shiner populations with the highest BLUP fluctuating asymmetry
values occurred in both good and poor sites indicating that BLUP fluctuating asymmetry
values of striped shiners may not correlate with habitat type. A regression indicated a
lack of correlation between habitat stressors and fluctuating asymmetry, which is similar
to a case study by Lamb et al (1990) on morphological asymmetry and interspecific
hybridization using hylid frogs. Lamb et al (1990) found that not all hybrid categories
demonstrated elevated levels of fluctuating asymmetry, finding only one trait with a
significantly lower fluctuating asymmetry value. The study indicates that observed
fluctuating asymmetry values did not support expectations that all hybrid categories
should experience decreased developmental stability. Additionally, Sheridan and
Pominakowski (1997) found that sexual coloration in guppies is sensitive to genetic
stress, but the study provided no support that genetic stress is reflected in fluctuating
asymmetry. These studies and mine indicate that more fluctuating asymmetry studies are
needed to understand which stressors cause a change in symmetry.
Even though this study does show that fluctuating asymmetry is present,
asymmetry does not seem to be associated with habitat fragmentation for either species.
Therefore, this study does not eliminate any controversy over whether fluctuating
asymmetry can be used as an indicator for environmental stress. Additionally, there
seems to be many variables associated with the stream that could affect fluctuating
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asymmetry that may not or could not have been taken into account, such as nutritional
stress and chemical factors, both of which have been shown to increase developmental
instability within fish species (Moller and Swaddle, 1997). We also could not account for
fish movement up and down the stream which if occurring can mask the effects of poor
habitat quality on FA. Additionally, the major abiotic factors associated with habitat
fragmentation may not be viewed as major stressors by the fish species, indicating that
fish species may view their habitat in a different manner than we perceive and that
perhaps other abiotic factors of the stream may have a more adverse affect upon the
organism.
Thus, the recommendation from this study is to not just use an organism
fluctuating asymmetry value as an indicator of stream habitat quality. However, by using
FA in conjunction with other stream habitat indicators, like an IBI, SHAP, or the eleven
transect method, we should gain a better understanding of the abiotic differences among
sites and a more accurate determination of habitat quality. Additionally, one useful test
that has come from this study is the use of BLUPs to remove measurement error. The use
of BLUPs could prove to be useful to future studies that seem to have a problem with
eliminating measurement error.
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Table 1: Categories and values for the Stream Habitat
Assesment Procedure (SHAP)

Metric

Good

Fair

Poor

11-15
7-9
9-12
7-9
11-15

6-10
4-6
5-8
4-6
6-10

1-5
1-3
1-4
1-3
1-5

13-16
13-16
7-8
10-12
13-16
10-12

9-12
9-12
5-6
7-9
9-12
7-9

5-8
5-8
3-4
4-6
5-8
4-6

1-4
1-4
1-2
1-3
1-4
1-3

10-12
13-16
7-8
10-12

7-9
9-12
5-6
7-9

4-6
5-8
3-4
4-6

1-3
1-4
1-2
1-3

Excellent

Substrate and lnstream Cover

Bottom Substrate
Deposition
Substrate Stability
lnstream Cover
Pool Substrate

16-20
10-12
13-16
10-12
16-20

Channel Morphology and Hydrology

Pool Quality
Pool Variablity
Channel Alteration
Channel Sinuosity
Width/Depth Ratio
Hydrolic Diversity
Riparian and Bank Features

Canopy Cover
Bank Vegetation
Immediate Land Use
Flow-Related Refugia

29

Table 2: SHAP scores, FA value and number of
individuals collected and used in analysis
for each of the eight sites.

Stoneroller
Site

1
2
3
4
5
6
7
8

SHAP Designation
Good
Good
Good
Bad
Bad
Bad
Good
Bad

F.A. Value

N

1.9865
1.4232
1.2629
2.409
0.9035
0.8
2.1448
1.922

38
59
19
19
43
17
8
14
217

Total=
Stripe Shiner
Site

1
2
3
4
5
6
7

SHAP Designation
Good
Good
Good
Bad
Bad
Bad
Good

F.A. Value

N

4.3333
3.1512
2.9339
4.992
3.1767
3.4342
1.8804

19
29
20
29
18
18
3
Total=

30

136

Table 3: Mean SHAP scores for the seven significant
variables found between habitat quality
categories.

Variable
Bottom Substrate
Deposition
Substrate Stability
Pool Quality
Pool Variability
Canopy Cover
Bank Vegetation

Good Site

Poor Site

Max

15.5
8
11.5
8

5.5

20
12
16
16
16
12
16
108

9

Total=

10
10
72

31

4

5
3
5.5
5
7
35

Table 4: FA values from a Bonferroni test comparing all eight
sites. Highlighted values indicate significance at the
P<0.05 level. Site 3 for the common stoneroller and
sites 3 and 4 for the striped shiner were omitted due to
the presence of a large observer error.

Species
Stoneroller
Stoneroller
Stoneroller
Stoneroller
Stoneroller
Stoneroller
Stoneroller

Total
df
126
234
756
324
666
288
1044

Site#
7g
Sb
Sb
4b
lg
6b
2g

Sb
Sb
x 0.0128 SE-04
1.40719
x 0.212
x
l.S2734 1.0854
l.S71S3 1.1168 1.029
1.63414 1.1613
1.07
l.9764S 1.4046 1.294
2.S2 2.004 l.S46
p(crit)= .OS/21 = 0.002
7g

lg
Stripe Shiner
Stripe Shiner
Stripe Shiner
Stripe Shiner
Stripe Shiner

396
374
44
616
374

lg
Sb
7g
2g
6b

7g
Sb
x 3E-60 4E-13
x 0.087
S.92417
S.27S2S 1.3974
x
10.0SSS 1.7029 1.219
10. 73SS l.S122 1.297
p(crit)= .OS/10= O.OOS

32

4b

6b
. lg
2g
7E-OS lE-06 3E-19
0.1792 0.0772 0.003 lE-13
0.3857 0.185 0.005 3E-20
x 0.3374 0.023 4E-12
x 0.031 lE-lS
1.0398
1.2577 1.2095
x SE-OS
1.7944 l.72S7 1.427
x

o.ooos

2g
6E-137
3E-09
0.1624

x
1.0641

6b
SE-9S
6E-09
0.1056
0.2544

x

Fig. 1: Location of the eight sites along Polecat Creek a fourth
order stream located in Coles and Edgar counties.
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